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1. Introduction. -It is well known that vacancytype lattice defects in metals play an important role in the process of both self-and impurity-diffusions [1, 2] . In order to understand the diffusion and diffusion related phenomena from the theoretical point of view, it is quite important to investigate the fundamental properties of vacancy-type lattice defects such as vacancies, di-vacancies and small vacancy clusters.
We calculate the binding energy, atomic relaxation, and electronic and vibrational densities of states (DOS) on the atoms near the vacancy-type lattice defects in BCC transition metals using a tight-binding (TB) type electronic theory : The atomic relaxation and binding energies are calculated using the simplified TB scheme (second moment approximation [3, 4] ), while the local vibrational and d-electron DOS are investigated using the more rigorous approach (recursion method by Haydock et al. [5] ). To simulate the shortrange repulsive energies, arising mainly from the increase in sp kinetic energy upon compression, we use a Born-Mayer potential [3] . This type of approach has been developed by Friedel and his co-workers [1] [2] [3] [4] [5] [6] [7] [8] [9] , and has been very successful for a wide variety of lattice defect problems of transition metals [10, 11] .
The study of atomic vibration around the vacancytype defects is also of great importance for the understanding of diffusion behaviour in metals. For iristance, in the case of point defects such as a vacancy or an interstitial atom, resonance modes of phonon spectrum play an important role in the elementary jumping process [12] . We show small void swelling [16] . Furthermore, these calculations are of significance for the understanding of vacancy conversion process into dislocation loops : Jenkins et al. [17] [6] . It is therefore of great interest to apply this kind of TB approach to the calculation of elastic constants [3] and defect energies [4, 7, 11] of transition metals.
We use a TB approximation coupled to the moments method [3, 4] [17] . We take the free atom level as the origin of the energies and take into account the diagonal matrix element Vl = ,ui i) of the self-consistent potential resulting from charge oscillations near the lattice defects [18] . For [17] To account for the repulsive core-core interaction energies at small distances, arising mainly from the increase in sp kinetic energy upon compression, we take a Born-Mayer potential [3] :
This type of repulsive potential can stabilize the crystal at short distances. The parameter p can be fitted to the bulk modulus (or phonon dispersion curve) with q, while Co is determined from the bulk equilibrium condition [3, 4] . From equations (2) and (4) [5] . Within the framework of the harmonic approximation, local vibrational spectra gi(co) of the particular atom i can be expressed as [4, 24] or of the relaxations near the surface [7, 25] vacancy-impurity [26] , impurity-impurity [27] or vacancy-vacancy [28] [29] . Mossbauer spectroscopy experiments can also give the similar informations [30] . These experiments showed that second-nearest-neighbour di-vacancies are more stable than the first-neighbour di-vacancies in BCC transition metals. Furthermore, tetragonal configuration of four vacancies was found to be stable in BCC transition metals [29, 30] . These [5] . In figure 1 (left [20] , and atomic relaxations around vacancy (obtained in section 3.1) are taken into account. The corresponding results for the divacancy (next-nearest-neighbour pair) in a-Fe are shown in figure 1 (right-hand) . One notices that the local DOS for h = xy, yz and zx orbitals are more influenced by a vacancy or by a di-vacancy than those for A = x2 -y2 and 3 z2 -r2 orbitals. This is related to the fact that change in the second moment flJ.l2i for the dg orbital is greater than that for the dy orbital. In general, the change in the local electronic DOS is not so large for these defects.
In contrast, however, the change in the electronic DOS is much more pronounced for the atoms nearest to tri-and tetra-vacancies as shown in figure 2 . The most stricking feature in figure 2 is that the resonance peaks appear near the centre of the d-band for trivacancies (x2 -y2 orbital) and tetra-vacancies (yz, zx, x2 -y2 and 3 z2 -r2 orbitals). These peaks are similar in nature to the surface state peaks observed for instance for W(001) and a-Fe(001) surfaces [21, 35] . It is remarkable that surface-state like peak appears in the local electronic DOS on the atoms around the small vacancy clusters like tri-or tetra-vacancies.
For other type tri-and tetra-vacancies, the surfacestate like peak does not appear so clearly. This indicates that local d-electron DOS is quite sensitive to the type of vacancy clusters, i.e., to the configuration of vacancies. Furthermore, in view of the fact that surface-state peak plays an important role in determining the reactivity (strength of chemisorption bond) of metal surfaces, vacancy clusters are expected to have different interaction (binding) energies with impurity atoms, depending on the vacancy configurations. In real crystals, this is the important problem, and similar discussions have already been given in reference [36] , dealing with the electronic structure of grain boundaries [36] . (9) and bulk phonon spectrum.
In figure 3b , we show the local vibrational spectra go(w) at the nearest-neighbour site of the unrelaxed vacancy » in W ; the bulk phonon spectrum of W is shown in figure 3c . go(m) for the «relaxed vacancy » is shown in figure 3a . Comparing the go(co) curves in figure 3b and figure 3a, is of significance. This comes from the fact that if low-frequency modes are present, the thermal displacements are very large and may exceed a critical value when the modes become thermally populated. Following the criterion used in [13] and [14] [29] or Mossbauer spectroscopy [30] techniques. In order to allow more direct comparison between the theoretical calculations and experimental results regarding the structure of vacancy clusters, it is required to develop more straightforward experimental techniques such as field ion microscopy observations. Such studies are now being made [39] . 
